This paper provides a report of the discussions held at the first workshop on Measurement 
Working Group is to establish a structured effort in the fire research community in order to make 5 significant and systematic progress in fire modeling through a fundamental understanding of fire 6 phenomena. The technical objectives are to develop the scientific foundations for the application 7 of fire models to current or new challenging areas, for instance, flame spread, fire suppression, 8 smoke toxicity. This is to be achieved as a joint effort between experimentalists and modelers on international collaboration between fire scientists. It is also intended to become a regular series 12 of workshops, with workshops held every two or three years. The first workshop organized by the 13 MaCFP Working Group was held on June 10-11 2017 as a pre-event to the 12th IAFSS Symposium 14 in Lund, Sweden [4] . This paper presents a summary of the discussions and outcomes of the first 15 MaCFP workshop.
16
The content and format of the first MaCFP workshop had been previously decided during 
25
While early discussions of the MaCFP Working Group had focused on gas phase phenomena
26
(primarily flow and combustion phenomena), discussions were started in 2016 to expand the scope 27 of MaCFP to include a subgroup dedicated to the modeling of pyrolysis phenomena. This led to 28 a re-structuring of MaCFP into two subgroups: the (original) "gas phase subgroup" and the (new)
29
"condensed phase subgroup". Thus, in addition to being a first technical meeting for the gas phase partment effects is outside the scope of the first MaCFP workshop and will be considered in future 44 editions. 45 The initial list of MaCFP target experiments includes five categories:
46
• (Case 1) Turbulent buoyant plumes: this category corresponds to open plumes and is repre- 47 sented by a helium plume experiment conducted at Sandia National Laboratories (Sandia) [7] . thermal-feedback-driven fuel flow rate and is represented by a methanol pool fire experiment 55 conducted at the University of Waterloo (UW) [11, 12] .
56
• (Case 4) Turbulent wall fires: this category corresponds to boundary layer flames with a 57 prescribed fuel flow rate and is represented by a series of vertical wall flame experiments, 58 fueled by methane, ethane, ethylene or propylene, and conducted at FM Global [13, 14] . 
Gas Phase Subgroup

Code Verification and Model Validation
98
The verification and validation (or V&V) process is the primary quality control method used 99 to establish the degree of confidence in a computational model for a specific application [23] [24] [25] [26] [27] [28] [29] .
100
Code verification is the process of determining whether the model has been correctly implemented 
105
(3) the model is validated; and finally, if modifications to the model are required to achieve more 106 accurate results for the intended application, then the process is repeated.
107
The prevailing technique for verification consists in comparing results of the computational case, the simulations should be interpreted as calibration tests rather than validation tests.
127
In this first edition of the MaCFP workshop series, no effort was made to impose particular soot layers that make up the micro-structure of the flame radiation field.
150
While the discussion above provides a valuable framework, it is important to emphasize that 151 the separation between large scales that are dynamically-controlling and small scales that are However, this is not the whole story. In many cases, the pool flame features a strong buoyancy- length scales may produce the best results but also corresponds to a high (or even prohibitive) 182 computational cost. Alternatively, the dynamic effects in pool fires can also be captured in a LES 183 simulation provided that the grid spacing is 10-20 times smaller than D and that subgrid-scale 184 models correctly represent the effects occurring at scales δ BL and δ thermals .
185
We now consider the implications of the previous discussion to the choice of grid resolution in of Models by Experimentation (FLAME) facility at Sandia National Laboratories (Sandia) [7, 37] . 
Simulations
284
Three groups submitted computational results for Case 1: IRSN [38], NIST [39] and UGent [40] . (magenta and green dotted lines, corresponding to 5-cm and 3-cm resolution, respectively).
As discussed in section 2.1.2, the main question found in the design of a computational grid 289 for LES simulations of the Sandia helium plume experiment is to decide whether to only require 290 that the grid captures the large-scale dynamics occurring at length scale D or to also require 291 that it captures the small-scale dynamics occurring in the intermittent boundary layer and the 292 buoyancy-driven "thermals" at length scales δ BL and δ thermals , respectively (see Figure 2 ). The
293
former choice requires centimeter-scale resolution; the latter may require millimeter-scale resolution.
294
The computational groups responded to this challenge in different ways: IRSN adopted a 2.5-295 cm resolution; NIST adopted a 1.5-cm resolution; UGent adopted a stretched grid with 1.23-cm limited to temporal means and does not contain information on fluctuation magnitudes.
438
We now proceed to a discussion of Case 2b. All simulations seem to correctly reproduce the The accuracy of the UCantabria simulation is limited by insufficient grid resolution.
449
It is worth emphasizing that the experimental database describing the Sandia methane and 450 hydrogen gas flame experiment is quite unique because it contains data on first and second-order The computational groups responded to these two challenges in different ways: UGent adopted 
An important difference in the numerical treatment of the UW experiment is that while UGent
504
and UMD prescribed the fuel evaporation rate using the measured mean experimental value (1.07 505 g/s), VTT adopted a more ambitious treatment in which the fuel evaporation rate is calculated 506 as a function of the gas-to-liquid thermal feedback. In the simulation performed by VTT, the 507 fuel evaporation rate is under-predicted by a factor close to 1.7 leading to a flame size of 13 kW 508 (compared to 22 kW in simulations by UGent and UMD).
509
Additional differences in the numerical treatment of the UW experiment include differences in 510 the choice of physical models (see section 2.1.3 for details on baseline choices i.e. to low elevations (z ≤ 30 cm), and there is a need to provide data over the full flame region 
567
FM Global and NIST responded to this challenge in a similar way and adopted a 3-mm resolution 568 in the near-wall flame region. In a previous study of the same wall fire configuration [59] , this level 569 of spatial resolution was found to be adequate for grid-resolved LES simulations (i.e. for simula-
570
tions that capture the wall gradients and are performed without using wall models). NIST chose 571 to apply the 3-mm resolution in all directions and across the entire computational domain. FM
572
Global chose a lower-cost computational grid and applied the 3-mm resolution in the wall-normal 573 direction while using a 7.5-mm resolution in the spanwise and vertical directions (parallel to the 574 wall) and also used a coarser mesh in the far field. the LES solution to simulate the deviations of thermocouple temperatures from gas temperatures).
605
Figure 10 presents a sample of comparisons between measured and simulated wall heat fluxes.
606
The NIST simulations overpredict the total heat flux by approximately 50% in most scenarios; in instance Ref. [59] ) and also bring information on the relative weight of soot radiation and gas 615 radiation.
616
In closing, the experimental database describing the FM Global vertical wall flame experiment is 617 quite unique because it brings fundamental information on gas-to-solid heat transfer processes that temperature [67, 68] ; in the solution of the RTE, the discretization of angular space used 700 angles
667
(the large number of angles is due to the fact that the NIST simulation included the heat flux gauge 668 located at 1-m distance from the flame and was motivated by the desire to avoid any potential ray 669 effect). All simulations seem to reproduce the overall structure of the turbulent flame (see Fig. ? ?.). close to 1 for X O 2 above the extinction limit and abruptly decreases to 0 at this limit (i.e. for 682 X O 2 ≈ 12-14 %). The exact value of the oxygen extinction limit is predicted within ± 10-20%.
683
While these results are encouraging, it is worth emphasizing that the flame extinction models are Note that the UMD turbulent line flame database has been recently enhanced with new micro-694 thermocouple measurements and has also been extended to the case of flame suppression by a 695 water mist [15] . These new developments should be incorporated into MaCFP. The addition of 696 micro-thermocouple measurements will provide much needed data to characterize the details of the 697 flame structure (and will provide both first-and second-order statistics). More information on flow 698 velocity as well as on gas and soot radiation will also be needed in order to unravel the respective 699 effects of combustion and thermal radiation. • Develop several alternative formats for experimental data sets that carry sufficient information 800 to enable parameterization of pyrolysis models for a given material.
801
• Develop a set of requirements for data set quality and completeness and organize a committee 802 of experts that will review the submissions to the repository to ensure that they are compliant 803 with these requirements.
804
• Incorporate compliant data sets into the existing MaCFP data repository [1] .
805
• Create a database of pyrolysis property sets that are generated from the experimental data 806 sets. Each pyrolysis property set will be required to be accompanied by a demonstration of 807 how well it captures the data on the basis of which it was calibrated and validated.
808
• Develop a set of minimum requirements for numerical pyrolysis simulation codes.
809
• Organize a discussion group focused on unresolved issues in pyrolysis modeling.
810
The scientific topics covered by the condensed phase subgroup will include:
811
• Kinetics and thermodynamics of the condensed phase decomposition reactions.
812
• Properties and composition of gaseous pyrolyzates.
813
• Heat and mass transfer in the condensed phase.
814
• Physics and chemistry of the gas-condensed phase interface including the topics of oxidative and (3) microscale combustion calorimetry (MCC) for heats of combustion of gaseous pyrolyzates.
863
The presentation described these experiments and procedures for extracting material properties 864 from the appropriate data. Throughout the discussion, data for poly(butylene terephthalate) (PBT) 865 was used as an example.
866
The second invited presentation [74] discussed current work on validating models of solid react-867 ing materials. Surface temperature measurements using thermophosphors are being explored, and 
871
In addition to experimental work, Sandia is developing a code for fire modeling (Fuego [22] ) and a 872 code for reacting solid materials (Aria).
873
The relationship between gas and condensed phase physics was discussed in the third invited 
897
The challenge of coupling condensed and solid phase models was explored in the fifth invited Global is understanding fire spread in warehouse rack storage. FireFOAM has been used to predict 906 heat release rate in 3-tier, 5-tier, and 7-tier rack storage of cardboard boxes using properties ob- 
